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ABSTRACT 
 
Tailor welded blank (TWB) is commonly used in industrial. Tailor welded 
blanks are defined as two or more separate pieces of flat material, dissimilar 
thickness, and or mechanical properties. This project aim to do experiment and 
numerical analysis of heat distribution in TWB process of different material with the 
same thickness. Heat is major parameter in TWB process. Hence, it must be 
optimized for the process. Among the considered factors are to minimize heating 
width and use high intensity heat flux to generate enough heating energy inside the 
work-piece. This project concentrates on heat transfer characteristic for the common 
used type of TWB material. Actual heat distribution will be measured in experiment 
by using DASYLab software and will be used to validate FE model. This project 
must focusing on fabricate simple heat transfer testing equipment and develop 
equivalent finite element of heat transfer test. It also focuses on developing finite 
model for static heat source case of TWB process. Abaqus software has been used to 
simulate the heat transfer in the case of joining the dissimilar materials. After the 
result is validated, the parametric study to get the best position of heat source. The 
result shows the heating source must be far away as possible from the low melting 
point. For simulation, case 1, the joining aluminium and mild steel, the heating 
source must be placed at a location where 40% in aluminium and 60% in mild steel. 
In case 2, the joining is stainless steel and mild steel, the position of heating source 
must be placed in the middle, 50% in mild steel and 50% in stainless steel. The last 
case, the joining aluminium and stainless steel, the position of heating source must be 
placed 40& in stainless steel and 60% in aluminium. The completed joining with 
dissimilar material that can reduced the final car weight and can improved fuel 
economy. 
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ABSTRAK 
 
Tailor welded blank (Twb) selalunya digunakan dalam bidang industri. Tailor 
welded blank ditakrifkan sebagai dua atau lebih jenis material, ketebalan berbeza, 
dan atau sifat-sifat mechanical yang dikimpal bersama. Tesis ini bertujuan untuk 
melakukan experiment dan analisis keatas penyebaran haba didalam proses TWB 
dengan bahan yang berbeza dan ketebalan yang sama. Haba merupakan satu 
parameter utama didalam proses TWB. Antara faktor-faktor yang perlu 
dipertimbangkan adalah untuk meminumkan penyebaran haba dan menggunakan 
keamatan heat flux untuk menghasilkan pemanasan haba yang sesuai didalam 
workpiece. Projek ini menfokuskan kepada ciri-ciri penyebaran haba didalam bahan 
yang selalu digunakan dalam proses TWB. Penyebaran haba biasanya diukur 
didalam eksperimen dengan menggunakan perisian DASYLab dan akan disahkan 
oleh FE model. Projek ini bertujuaan mencipta satu alat test rig bagi menjalankan uji 
kaji dan juga menbuat persamaan finite element didalam ujian penyebaran haba. Ia 
juga fokus dalam mengkaji finite element dengan berdasarkan sumber haba yang 
statik didalam keadaan TWB proses. Perisian Abaqus digunakan untuk simulasi 
penyebaran haba setelah dikimpal oleh proses kimpalan laser. Selepas kedua-dua 
keputusan itu benar, satu ujikaji untuk mengenal pasti keadaan yang sesuai bagi 
sumber haba yang boleh meleburkan bahan dengan jarak lebur yang sama. 
Keputusan simulasi menunjukkan haba perlu sejauh yg mungkin daripada bahan 
yang mempunyai takat lebur yang rendah. Di dalam simulasi, pada kes1, 
penyambungan diantara aluminum dan mild steel, kedudukan sumber haba mestilah 
diletakkan 40% di bahan aluminum dan 60% di bahan mild steel. Pada kes 2, 
penyambungan diantara mild steel dan stainless steel, kedudukan sumber tenaga 
mestilah ditengah-tengah iaitu 50% di bahagian mild steel dan 50% di bahagian 
stainless steel. Pada kes terakhir,penyambungan diantara aluminum dan stainless 
steel, kedudukan sumber tenaga mestilah 40% di bahagian aluminium dan 60% di 
bahagian stainless steel. Kimpalan yang berjaya dapat mngurangkan berat kereta dan 
dapat meningkat kesedaran penggunaan minyak kenderaan.  
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1  INTRODUCTION  
 
This chapter explained about the tailor welded blank, computer aided 
engineering, finite element analysis, case study, project objective, project scope of 
this research. 
 
1.2  TAILOR WELDED BLANK 
 
1.2.1 Definition 
 
Tailor welded blanks is used in joining two or more separate pieces of flat 
material with dissimilar thickness, and or mechanical properties, to provide 
customized and superior qualities in the finished stamping. Traditional practices in 
automotive industry is to stamp parts with different thickness and different materials 
individually before welded together to form a complete assembly parts. With the 
application of tailor welded blank, processing time can be reduced and higher 
strength component can be produced. 
 
1.2.2 Benefits 
 
By utilizing a tailor welded blank, made up of blanks of different thickness, 
coatings, and or strength, the final stamped part can exhibit specific desired 
properties. Tailor welded blanks can yield several benefits such as: 
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(i) Reduction of final car weight.  
 In an automotive application, tailor  welded-blanks eliminate 
the need for reinforcement, resulting in an  overall reduction 
in vehicle body weight. The use of different strength or 
thickness in a single part can simplify the whole structure of a 
vehicle. Low car weight means improved fuel economy that is 
very important to today’s energy consumption. 
(ii) Reduction of automobile parts number.  
 The precision of car body structure can be improved and a lot 
of press equipment and working procedures can be saved. A 
door inner panel is taken as an example. It has a relatively 
deep draw depth to accommodate the design. This  requires a 
soft and thin metal. However, the front of the same door inner, 
where the hinges will attach the door to the car, must be strong 
enough to withstand the weight and use of the door. In the 
traditional methods, reinforcements are required to strengthen 
the door inner. These extra parts require several processes in 
the workshop. Now, by using a tailor welded blank with a 
large, thin, soft piece of material jointed to a smaller, thicker, 
stronger piece of material, the blank can be formed and used 
as a one piece door inner, thus completely eliminating the 
previous reinforcing components. 
(iii) Improved raw material utilization and reduction of scrap 
 By selective using higher strength, heavier gauge materials to 
the specific areas where they are required, the reduction in 
material could be realized. By nesting various blanks during 
the blanking process, engineered scrap can also be obviously 
reduced. For example, the complex body side ring is changed 
from a traditional one piece blank to a tailor welded blank 
using 5 separated blanks. As a result, the manufacturer could 
reduce the engineered scrap content.  
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(iv) Improvement on the functional performance.  
 By using tailor welded blanks, the structural rigidity can be 
improved due to possibility for optimum selection of strength 
by using appropriate  steel strength or gauge.  
(v) Potential to produce wide width automobiles.  
 Automobile industry  shows great concern on the wide width 
steel sheets while the width of steel sheets is constrained by 
the roller machine. Tailor welded blanks can solve this 
problem. Especially at present situation, supply of the steel 
with wide width cannot meet the large demand of the market. 
Tailor welded blanks provide this solution. 
 
 
 
Figure 1.1: Various tailor-welded blank components used in an automotive structure 
 
Source: Millian (1993) 
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1.3  COMPUTER AIDED ENGINEERING (CAE) 
 
Computer-aided engineering (CAE) is the use of computer software to 
simulate performance in order to improve product designs or assist in the resolution 
of engineering problems for a wide range of industries. This includes simulation, 
validation, and optimization of products, processes, and manufacturing tools. 
 
A typical CAE process comprises of pre-processing, solving, and post-
processing steps. In the pre-processing phase, engineers model the geometry and the 
physical properties of the design, as well as the environment in the form of applied 
loads or constraints. Next, the model is solved using an appropriate mathematical 
formulation of the underlying physics. In the post-processing phase, the results are 
presented to the engineer for review. 
 
CAE applications support a wide range of engineering disciplines or 
phenomena including: 
 
(i) Stress and dynamics analysis on components and assemblies using 
finite element analysis (FEA) 
(ii) Stress and dynamics analysis on components and assemblies using 
finite element analysis (FEA) 
(iii) Thermal and fluid analysis using computational fluid dynamics (CFD) 
(iv) Kinematics and dynamic analysis of mechanisms (multibody dynamics) 
(v) Mechanical event simulation (MES) 
(vi) Control systems analysis 
(vii) Simulation of manufacturing processes like casting, molding and die 
press forming 
(viii) Optimization of the product or process 
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1.4  FINITE ELEMENT ANALYSIS 
 
Finite element analysis (FEA) is the modeling of products and systems in a 
virtual environment, for the purpose of finding and solving potential (or existing) 
structural or performance issues. FEA is the practical application of the finite 
element method (FEM), which is used by engineers and scientist to mathematically 
model and numerically solve very complex structural, fluid, and multiphysics 
problems (Roylance, 2001). 
 
A finite element (FE) model comprises a system of points, called “nodes”, 
which form the shape of the design. Connected to these nodes are the finite elements 
themselves which form the finite element mesh and contain the material and 
structural properties of the model, defining how it will react to certain conditions. 
The density of the finite element mesh may vary throughout the material, depending 
on the anticipated change in stress levels of a particular area. Regions that experience 
high changes in stress usually require a higher mesh density than those that 
experience little or no stress variation. Points of interest may include fracture points 
of previously tested material, fillets, corners, complex detail, and high-stress areas. 
 
FE models can be created using one-dimensional (1D beam), two-
dimensional (2D shell) or three-dimensional (3D solid) elements. By using beams 
and shells instead of solid elements, a representative model can be created using 
fewer nodes without compromising accuracy. Each modeling scheme requires a 
different range of properties such as section areas, moments of inertia, torsional 
constant, plate thickness, bending stiffness, transverse shear 
 
To simulate the effects of real-world working environments in FEA, various 
load types can be applied to the FE model, including: 
 
(i) Nodal: forces, moments, displacements, velocities, accelerations, 
temperature and heat flux 
(ii) Elemental: distributed loading, pressure, temperature and heat flux 
(iii) Acceleration body loads (gravity) 
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1.5  PROBLEM STATEMENT 
 
Heat is major parameters in TWB process. Hence, it must be optimized for 
the process. Among the considered factors are to minimize heating width and use 
high intensity heat flux to generate enough heating energy inside the work-piece. 
This project concentrate heat transfer characteristic of the common type of TWB 
material. Actual heat distribution will be measured in experiment and will be used to 
validate FE model. The heat distribution is important to study in welding with 
different material with the same thickness. 
 
1.6  OBJECTIVES 
 
(i) Fabricate simple heat transfer testing equipment 
(ii) Comparison on the result of experimental test with simulation heat 
transfer modeling 
(iii) Parametric study using FE analysis to investigate TWB process 
 
1.7  PROJECT SCOPE 
 
This research is focus on method joining of automotive panels which is to 
investigate the heat transfer through the joining with different material. This focus 
area is done based on the following aspect: 
 
(i) Design and machining simple test rig. 
(ii) Using specimen test of different material with the same thickness 
(iii) Analysis on experimental and numerical method. 
(iv) Simulate heat transfer model using finite element method. 
(v) Perform heat transfer tests (using localized heating condition on each 
material thickness). 
(vi) Develop finite element (FE) model to simulate heat distribution inside 
the metal. 
(vii) Develop FE model to observe temperature gradient inside the parts of 
initial stage of welding of TWB. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
This chapter explained about the research in focusing of welding, heat 
affected zone and previous research of different material. 
 
2.2 WELDING 
 
Welding is an assembly process that joints materials, regularly metals or 
thermoplastics, by producing combination (Kumar, 2012). This happens by melting 
the workpieces and adding a filler material to form a pool of molten material (the 
weld pool) that cools to become a strong joint, with pressure sometimes used in 
conjunction with heat, or by itself, to produce the weld. This is in contrast with 
soldering and brazing, which involve melting a lower-melting-point material 
between the workpieces to form a bond between them, without melting the 
workpieces. 
 
Welding have many different energy sources for example a gas flame, an 
electric arc, a laser, an electron beam, friction, and ultrasound. Welding also Flexible 
used in an industrial process, many different environments that welding can be 
performed including open air, under water and in outer space. Welding is a 
potentially hazardous undertaking and precautions are required to avoid burns, 
electric shock, vision damage, inhalation of poisonous gases and fumes, and 
exposure to intense ultraviolet radiation. 
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Until the end of the 19th century, the only welding process was forge 
welding, which blacksmiths had used for centuries to join iron and steel by heating 
and hammering. Arc welding and oxy fuel welding were among the first processes to 
develop late in the century, and electric resistance welding followed soon after.  
 
Welding technology advanced quickly during the early 20th century as World 
War I and World War II drove the demand for reliable and inexpensive joining 
methods (Kumar, 2012). Following the wars, several modern welding techniques 
were developed, including manual methods like shielded metal arc welding, now one 
of the most popular welding methods, as well as semi-automatic and automatic 
processes such as gas metal arc welding, submerged arc welding, flux-cored arc 
welding and electro slag welding. Developments continued with the invention of 
laser beam welding, electron beam welding, electromagnetic pulse welding and 
friction stir welding in the latter half of the century. Today, the science continues to 
advance. Robot welding is commonplace in industrial settings, and researchers 
continue to develop new welding methods and gain greater understanding of weld 
quality. In TWB, laser welding is commonly use in joining process. 
 
 
Figure 2.1: Example of welding process 
 
Source: constructionmanuals.tpub.com 
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2.3 LASER WELDING 
 
2.3.1 CO2 Laser Welding and Nd:YAG laser welding 
 
Laser welding is a welding technique which is achieved with very high power 
density obtained by focusing a laser light beam to a very fine spot (Duley, 1999), 
CO2 laser dominated the market for industrial applications requiring high laser 
powers (>3 kW CW). With the rapid development of Nd:YAG laser technology. 
YAG laser with CW powers up to 4kW become available. In laser welding the 
advantages of the Nd:YAG laser are shown clearly as follows: 
 
Table 2.1: Advantages of Nd:YAG and CO2 laser 
 
Advantages of Nd:YAG laser Advantages of CO2 laser 
1- Enhanced coupling to reflective metal 1- High electrical efficiency 
2- Increased processing efficiency 2- low operating cost 
3- Fiber – optic delivery 3- easily scaled to high power 
  
Source: Duley, W.W (1999) 
 
Representative welding data for mild steel obtained at the same laser power 
(3kW) showed that higher penetration could be achieved with YAG welding rather 
than with CO2 laser radiation, except for thick material where comparable results 
were obtained. For thickness near 2mm, YAG welding was 50% faster than co2 laser 
welding. An increase in welding speed may translate into cost saving in high volume 
applications such as laser welding of tailors blanks (Duley, 1999). Based on these, an 
Nd:YAG laser was chosen to weld the tailors made blanks in this study as the 
thickness of the material used was equal to or below 1mm, making it more efficient 
and appropriate to use Nd:YAG 
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2.3.2 Disadvantages of conventional welding 
 
Fusion and resistance welding methods produces buckling or extensive 
surface oxidation on the production of floor or roof blanks, which requires rework 
over a large area to obtain an acceptable weld. However, recently the majority of 
sheets used in the production of body panels were zinc coated, which destroys the 
galvanic protection conferred by coating and render the substrate liable to rusting, 
particularly in areas prone to damage by stone chipping (Waddell, 1995). On the 
other hand, by comparing the application of laser welding with mash seam welding 
on a material (up to 3mm), mash seam welding of zinc-coated sheets would result in 
disturbance during weld process and poor mechanical performance. Therefore, mash 
seam welding can only compete with laser welding restricted numbers of application 
for pre-welded sheets (Heoven et al., 1996) 
 
2.3.3 Advantages of laser welding 
 
Laser welding is more advantageous in welding tailored blanks for car-body 
panel, as it offers a unique technology to improve structural properties and weld 
consistency. In addition, it also enhance reduction of weight and cost saving. For 
instance, reducing the width of pinch weld flanges could eliminate up to 50kg of 
metal. Furthermore, the high welding speed of lasers, typically 5mm/min with few 
kilowatt of power, enables substitution of one laser welder to several resistance 
welders (Baysore et al., 1995). At the same time, the high traveling speed and low 
heat input associated with laser beam welding produces narrow fusion and less heat-
affected zones and minimal distortion. The other advantages are listed as follows 
(Baysore et al., 1995): 
 
(i)  High degree of automation 
(ii)  High welding speed 
(iii) Non-contact welding 
(iv) Welds almost flush with the sheet metal 
(v)  No filler material required 
(vi) Very narrow heat-affected zone 
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2.3.4 Post-welded heat treatment 
 
Post-welded heat treatment of an entire weldment, or only a localized portion, 
may be performed to achieve one or more of the following: 
 
(i) Relieve stresses 
(ii) Improve toughness 
(iii) Increase strength 
(iv) Improve corrosion resistance 
(v) Remove cold work 
 
A variety of thermal treatments have been developed to accomplish these 
changes and have been termed stress-relief heat treatment, annealing, normalizing, 
hardening, quenching and tempering, austempering and martempering. The 
difference between the heat-treating operations is temperatures employed and 
methods of cooling. The temperature of stress-relief heat treatment is below the 
critical range of the steel, whereas temperatures for normalizing, annealing and 
hardening are always above the critical range (Kim et al., 2001) 
 
Normalizing is a heat treatment, which is frequently employed in treating 
both the plate metal prior to welding and the finished weldment. Normalizing 
involves heating the steel approximately 100
0
c above its critical range to transform 
the structure to austenite, followed by cooling in still air. Normalizing with its air-
cooling treatment creates a finer lamellar pearlite in most steel, slightly harder but 
quite satisfactory for service. A normalizing treatment may be used to reduce stress 
from cold working or welding, remove hardened zones adjacent to the weld, create a 
more uniform and desirable microstructure in both weld metal and base metal, and 
refine (by recrystallization) any coarse structure developed through hot working or 
forming operations at a very high temperature above 1900 (Linnert et al,. 1965). In 
TWB, welding process can make effect in the joining material. 
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2.4 EFFECT OF WELDING TYPES 
 
TWB commonly used welding process were laser welding, mash seam 
welding, electron-beam welding, GTAW welding, induction welding and fusion and 
resistance welding. However, only mash seam and laser welding were generally used 
today as reliable and serial production process for tailor made blanks (Eisenmenger 
et al., 1993). The following section was written on comparison of different types of 
welding effects and effects of the key welding parameter on the TWB formability. 
 
In order to achieve a higher precision assembly, reduce the production coast 
and improve driving safety, a new method in sheet metal stamping for car body 
panels had been developed, in which several blanks of different strength and 
thickness were integrated by using laser welding technology (Norihiko et a., 1993). 
 
Comparing laser welding effects on TWB formability with other type of 
welding, stretch formability of the TWB was decreased with laser welding by 10 to 
18% when compared to the base metal, while resistance mash seam welding 
decreased it by 29-35% depending on steel grade, thickness and width (Milian, et al., 
1993). For the fatigue life performance, laser welds was increased by 36 to 126% 
over resistance welds, while the tensile strength in the range of 34-113% (Baysore, et 
al., 1995). In addition, a narrow bead width and a hard welding part were formed in 
laser welding, a wide hardening part and a soft welding part were formed in mash 
seam welding.  
 
Besides that, GTAW welding was associated with poor formability in spite of 
its low hardness value, when compared to last welding. The weld size of GTAW was 
4.5 times wider than laser weld and with a lower limiting drawing height (LDH) 
value (Adonyi et at., 1996). 
 
Furthermore, TWB welded by plasma and induction, was comparable to 
laser-welded blanks in deep drawing. However, it has lower formability in bending 
and stretch forming. Indeed, the different in formability for TWB produced with 
different welding method was partly explainable by variation in width and 
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microstructure change in the heat-affected zone (HAZ) (Sagstrom et al., 2000). This 
further explained that the larger HAZ increased in effective cross-sectional area of 
the increased hardness that work stiffening in the TWB (Baysore et al., 1995). Result 
show that for any given steel grade, the mechanical properties of base HAZ and weld 
composite were equally affected (the strength increase and the ductility decrease) 
throughout uniform deformation by the two welding processes (William et al., 1991). 
 
2.5 HEAT AFFECTED ZONE 
 
The heat-affected zone (HAZ) is the part of base material, either a metal or a 
thermoplastic, which has had its microstructure and properties altered by welding or 
heat intensive cutting operations. The heat from the welding process and subsequent 
re-cooling causes this change from the weld interface to the termination of the 
sensitizing temperature in the base metal. The extent and magnitude of property 
change depends primarily on the base material, the weld filler metal, and the amount 
and concentration of heat input by the welding process. 
 
The thermal diffusivity of the base material plays a large role if the diffusivity 
is high, the material cooling rate is high and the HAZ is relatively small. 
Alternatively, a low diffusivity leads to slower cooling and a larger HAZ. The 
amount of heat inputted by the welding process plays an important role as well, as 
processes like oxy-fuel welding use high heat input and increase the size of the HAZ. 
Processes like laser beam welding and electron beam welding give a highly 
concentrated, limited amount of heat, resulting in a small HAZ 
 
 
Figure 2.2: HAZ Area 
 
Source: solidmetals.net 
 
